We report the jet width profile of of the nearby (∼30 Mpc) AGN NGC 4261 for both the approaching jet and the counter jet at radial distances ranging from ∼10 3 -10 9 Schwarzschild radius (R S ) from the central engine. Our Very Large Array (VLA) and Very Long Baseline Array (VLBA) observations reveal that the jets maintain a conical structure on both sides over the range 10 3 -10 9 R S without any structural transition (i.e., parabolic to conical) like in the approaching jet in M87. Thus, NGC 4261 will provide a unique opportunity to examine the conical jet hypothesis in blazars, while it may require some additional consideration on the acceleration and collimation process in AGN jets.
Introduction
The formation of relativistic jets in active galactic nuclei (AGNs) is a prominent topic in astrophysics, and recent observational studies on some nearby AGN jets have reported. The position of the central engine of M87-one of the nearest radio galaxies-has been determined by measuring shifts of the core position (Konigl 1981 [1] ; Lobanov 1998 [2] ). with multi-frequency phase-referencing Very Long Baseline Interferometry (VLBI) observations (Hada et al. (2011) [3] ). This result made it possible to investigate the radial profile of the physical parameters of an AGN jet. Nakamura and Asada (2012) [4] and Hada et al. (2013) [5] studied the radial profile of M87 jet width by taking into account the opacity shift of the VLBI core. Asada and Nakamura (2012) [6] discovered an enduring parabolic structure between a few 100 R S and 10 5 R S from the core, in addition to a transition into a conical structure beyond a distance of a location of ∼10 6 R S , which is equivalent to the Bondi radius of M87. The revealed parabolic shape is compelling evidence that the jet collimates near the base of this jet. General relativistic magnetohydrodynamics (MHD) simulations (McKinney (2006) [7] ) reproduce a parabolic collimation region by introducing external pressure, and a transition from parabolic to conical stream at ∼10 2 R S . To study if such a transition is common in jets, more objects should be observed around the Bondi radii. The radial jet width profiles of 3C 84 (Nagai et al. (2014) [8] ) and Cygnus A (Boccardi et al. (2016a (Boccardi et al. ( , 2016b [9, 10] ) have benn investigated recently; however, at distances remaining within the Bondi radius.
In this paper, we explore the jet width profile of NGC 4261 over the range 10 3 -10 9 R S , which contains the Bondi radius of this source (32 pc; Balmaverde, et al. (2008) [11] corresponding to 6.8 × 10 5 R S ). NGC 4261 (3C 270) is a nearby (31.6 Mpc; Tonry et al. (2000) [12] ) Fanaroff-Riley Class I (FR-I) radio galaxy. NGC 4261 contains a central black hole with a mass of (4.9 ± 1.0) × 10 8 M (Ferrarese et al. (1996) [13] ) and nearly symmetric kiloparsec-scale two-sided jet structure (Birkinshaw and Davies (1985) [14] ). This proximity and black hole mass yield a spatial scale, with 1 milliarcsecond (mas) ∼ 0.15 pc ∼ 3200 R S , which provides an advantage for studying regions within 1 pc of the central engine. Furthermore, the position of the central engine of NGC 4261 has been determined by the phase-referencing VLBI technique; the origin of jet and the origin of the counter-jet are located at the same position, 82 ± 16 µas (projected) from the 43 GHz core, corresponding to 310 ± 60 R S (deprojected) (Haga et al. (2015) [15] ). This allows us to investigate the radial profile of the NGC 4261 jet width as a function of the (de-projected) distance along the jet from from the central engine, similarly to M87. Moreover, because of a large inclination angle (i = 63 • ; Piner et al. (2001) [16] ), not only the approaching jet but also the counter jet can be imaged in the nuclear region, which is helpful for study of the jet formation.
Observations and Data Analysis

VLBA Data
We observed NGC 4261 with VLBA at four frequencies (1.4, 2.3, 5.0, and 8.4 GHz) on 3 July 2003, and at three frequencies (15, 22 , and 43 GHz) on 6 June 2003. This is the same data presented in Haga et al. (2015) [15] , which measured the core shift of NGC 4261 using the phase-referencing technique relative to the nearby radio source J1222+0413. Details of the observations and the data reduction processes are described in Haga et al. (2015) [15] . In the present paper, we remake self-calibrated images from these data sets, and measure the jet width at various distances. Although the images lose positional information from self-calibration, we apply the results from the core shift analysis (Haga et al. (2015) [15] ), as we describe later in detail. The beam sizes and image qualities for the individual images are listed in Table 1 . 
VLA Data
We also analyzed three archival VLA data sets (experiments AJ229, AP77, and AB376) from the data archive system of the National Radio Astronomy Observatory (NRAO). AJ229 was conducted on 15-16 April 1994 at 1.4 GHz (L-band). The VLA observed in A configuration with 27 antennas. Dual-circular polarization was received, covering a bandwidth of 3 MHz. The total on-source time on the target was approximately 5.5 h and 3C 286 was observed as the calibrator for 1 h. The data reduction was performed in the standard manner using AIPS (Astronomical Image Processing System). We performed iterative de-convolution and self-calibration algorithms using Difmap to obtain a final image.
AP77 and AB376 were conducted on 23 April 1984 in C-configuration and 2 February 1986 in D-configuration, respectively, at 4.86 GHz (C-band). Dual-circular polarization was received, covering a bandwidth of 100 MHz. The two data sets were combined to obtain a final image, which is available on a website (http://www.slac.stanford.edu/teddy/Atlas/). The total on-source time on the target was approximately 0.5 h. The beam sizes and image qualities are listed in Table 1 .
Jet Width Measurements
We performed a pixel-based analysis for all the data in the image plane. The jet width was measured using the AIPS task "slice ". Many nearby radio galaxies studied in recent other studies ( [5, 6, 9] ) show a double-ridge brightened jet structure; a double-Gaussian profile model is used for measuring their jet width. On the other hand, NGC 4261 shows a single-ridge jet structure, which extends almost due east-west (along position angle PA ≈ −90 deg), as described in Figure 1 , for example. Thus, we sliced each jet along the transverse direction (PA ≈ 180 deg) and fitted a single-Gaussian profile model to the sliced intensity profile. The jet width θ jet is determined by deconvolving it from the beam size; i.e., θ 2 jet = θ 2 f it − θ 2 beam , where θ f it and θ beam are the full width at half maximum (FWHM) of fitted (Gaussian) function and the synthesized beam width at a position angle of 180 deg. The intensity slice at each distance was sampled at the Nyquist rate (1/2 FWHM of the synthesized beam). We measured the jet width for the approaching side every 1 mas, and on the counter-jet side every 0.2 mas from the radio core in the VLBA images in the region where the peak intensity is stronger than 3 σ. Note that not only the jet emission but also the lobe emission are apparent in the VLA image. We make a fit using two-Gaussians-one for the jet component and the other one for the lobe component-to avoid contamination from the lobe in the measurement of the jet width. The jet width was measured in the range over which the peak intensity of the jet is stronger than that of the lobe. Both sides of the jets on the VLA images were sliced every 10 arcsec from the radio core. We need the radial distance from the central engine to the location of the slice to calculate the radial profile of jet width for NGC 4261. The distance from the central engine to the radio core at each frequency was already determined using phase-referencing technique in Haga et al. (2015) [15] . Applying this result, we can calculate the radial distances from the central engine to the locations of our slice. Figure 2 shows the radial profile of the NGC 4261 jet width as a function of the (de-projected) distance along jet (assuming the jet inclination angle i = 63 • ; Piner et al. (2001) [16] ). The VLBA observations resolved the jet within the Bondi radius (7 * 10 5 R s ; dashed line in Figure 2 ), while the VLA observations imaged the jet beyond that distance. For the approaching jet, our (separate) power-law fitting of the measured jet collimation profile results in a = 0.99 ± 0.09 (for the VLBA jet) and a = 0.92 ± 0.08 (for the VLA jet) (W jet ∝ r a ), respectively. Thus, the two fitting results are consistent within errors, indicating that the NGC 4261 jet structure has no transition across the Bondi radius, in contrast to the M87 jet profile (Asada and Nakamura (2012) [6] ). Thus, we made a single fit to both data from the VLBA and the VLA; the results are a = 1.06 ± 0.01 and a = 1.06 ± 0.01 for the approaching jet (red line) and the counter jet (blue line), respectively. It is remarkable that both the jet and the counter jet sustain a conical structure over more than six orders of magnitude in distance. Furthermore, it is notable that the outflow is symmetric. These facts suggest: (1) the jet pressure is relatively too strong to be collimated by the external pressure; (2) the external pressure profile is symmetric without any transition at the Bondi radius or elsewhere. (3) We also found that the jets seem to converge upstream before reaching the black hole if we simply extrapolate the obtained jet profile toward the central engine. The jet profile may change further upstream, rather than over the range of our measurements. 
Results and Discussion
